Within the framework of the international project aimed at the sequencing of the Bacillus subtilis genome, a 23.4 kb chromosome segment has been cloned and sequenced. This region (23433 bp; 69"-70" of the genetic map) contains 17 complete ORFs and a partial one. A homology search for the products deduced from the 18 ORFs revealed that twelve of them had significant similarity to known proteins, including the quinolone-resistance protein, ABC transporter, aldehyde dehydrogenase, amino acid transporter, fosmidomycin-resistance protein, CDP-glucose 4,6-dehydratase, glucose-l-phosphate cytidyltransferase and cytochrome P450/NADPH-cytochrome P450 reductase.
As participants in the international cooperative Bacillus subtilis genome sequencing project, we are responsible for the sequencing of an approximately 144 kb chromosomal region between pNEXTll (69') and sspE (81') (Itaya & Tanaka, 1991) . Recently, we determined a 12361 bp segment of the 76'-77" region (Yamamoto et al., 1996a) . We have sequenced the 73"-76' (Yamamoto et al., 1996c) , 77"-78" (Yamamoto et al., 1996b) and 78' -81' (Yamamoto et al., 1996d) regions. Here we report the nucleotide sequence and genome analysis of the 23-4 kb segment between 69" and 70', and the finding of genes for aldehyde dehydrogenase, O-antigen biosynthesis and cytochrome P450INADPH-cytochrome P450 reductase. (Sekiguchi et al., 1988) was used as the source of chromosomal DNA. A 37.0 kb region containing the pel locus (71'; Nasser et al., 1993) has already been cloned by inverse PCR and sequenced. T o amplify the next region, we performed long-range PCR with B. subtilis chromosomal DNA as a template, and a 19.6 kb product was obtained. Inverse PCR was used to clone the adjacent PstI-inv region ( Fig.  1) and a 4.8 kb amplified fragment was obtained. We confirmed that the products of long-range and inverse PCR with DNA from both B. subtilis AC327 and 168 as templates showed the same restriction patterns on digestion with BamHI, PstI, EcoRI and HindIII, reThe GSDB, DDBJ, EMBL and NCBl accession numbers for the nucleotide sequence reported in this paper are D86418 and D87979.
B. subtilis AC327 (purB his-I smo-I)
spectively (data not shown). Two amplified fragments were used to obtain randomly overlapping libraries. Random sequencing as described previously (Yamamoto et al., 1996a) followed by computer analysis indicated 17 complete ORFs and one incomplete ORF (the 5' region of y f m 0 ) were identified (Table 1) . Among the complete ORFs, 11 start with ATG, four with GTG, and two with TTG, and the direction of transcription of thirteen ORFs is the same as that of the movement of the replication fork (Fig. 1) .
The aa sequence of YfmS exhibits partial similarity to the C-terminal regions of the methyl-accepting chemotaxis proteins (TlpB, TlpC, McpB, TlpA and McpA) of B. subtilis (Hanlon & Ordal, 1994) (Table 2 ). The bacterial chemotactic-signal transducers are composed of the two structural domains, in which an N-terminal periplasmic domain acts as the receptor and a C-terminal cytoplasmic domain contains the methylation sites (Hanlon & Ordal, 1994) . However, there seems to be no transmembrane or periplasmic regions in YfmS. Therefore this may not be a chemotactic-signal transducer. The aa sequence of YfmT exhibits strong similarity to those of the aldehyde dehydrogenase and benzaldehyde dehydrogenase (XylC) of Pseudomonas putida, and salicylaldehyde dehydrogenase of P. aeruginosa. YfmT has glutamic acid and cysteine residues (corresponding to aas 253 and 287 with respect to the N-terminal aa, respectively) which have been implicated in the catalytic activity and are conserved in all the enzymes of aldehyde dehydrogenase family. The aa sequence of YfnG exhibits some similarity to those of the CDP-glucose-4,6- The 69"-70" region of the B. subtilis genome Thorson et al. (1994) 420 Jiang et al. (1991) 807 Thorson et al. (1994 ) 803 759 Jiang et al. (1991 ) 1913 4272 Ruettinger et al. (1989 264 '?gi, gp, pir, prf and sp denote the NCBI, GenBank Protein, PIR, PRF and SWISS-PROT databases, respectively.
S. typhimurium (RfbF)
. CDP-gl~cose-4~6-dehydratase and glucose-1-phosphate cytidylyltransferase are enzymes required for the 0-antigen biosynthetic pathway. In S. typhimurium, the rfb gene cluster has been cloned and sequenced (Jiang et al., 1991) . It has been reported that the rf6 gene cluster is a large operon, which consists of approximately 16 ORFs, and that it is essential for 0-antigen expression. rf6F and rfbG locate the sixth and seventh genes in the rf6 operon, respectively. Judging from the genome structure, since there is no rho-independent terminator structure between yfnH and yfnD, yfnH-G-F-E-D genes may form an operon (Fig. 1) . However, the products of yfnF, yfnE and yfnD had no significant similarity to the other ORFs included in the rf6 and asc gene clusters. The aa sequence of YfnJ exhibits extremely strong similarity to that of the cytochrome P450/NADPH-P450 reductase of B. megaterium (CyplO2) . Cytochrome P450 reductase is required for electron transfer from NADP to cytochrome P450. CyplO2 is a large protein consisting of 1048 aa residues that contains an N-terminal P450 domain followed by a reductase domain (Ruettinger et al., 1989; Ravichandran et al., 1993) . yfn] is the second gene corresponding to the fusion of those for cytochrome
On: Wed, 10 Apr 2019 20:26:15 H. YAMAMOTO a n d OTHERS P450 and NADPH-cytochrome P450 reductase in a living organism. Among the 18 ORFs in the 23.4 kb region, six did not exhibit any significant aa sequence similarity to those in the non-redundant protein sequence databases. Therefore, our research is now directed toward the isolation of gene-disrupted mutants in a systematic way under the international cooperative project.
